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DECEMBER 1954 


EMULSIFICATION TEST FOR MARINE ENGINE OILS 


TuHE Miscellaneous Tests of Lubricants Panel of IP 
Standardization Sub-Committee No. 6 has completed 
a programme of correlation tests with a view to 
establishing a standard procedure for determining the 
emulsifying properties of marine engine lubricating 
oils. 

A draft method of test has been agreed, but the 
demand for such a test is insufficient to warrant its 
being put forward as an IP Standard. It is, therefore, 
published here for the benefit of those who may be 
interested. 


EMULSIFICATION—MARINE ENGINE OILS 


ScoPE 


1. This method determines the emulsification 
tendency of marine engine lubricating oils. 


OUTLINE OF METHOD 


2. Equal volumes of the sample and of an emulsify- 
ing liquid are mixed by stirring with a rotating paddle. 
The resulting emulsion is then stood for a specified 
time and inspected for separation. 


APPARATUS 


3. (a) Graduated Cylinder—of 100-ml capacity, 
graduated in 1- and 10-ml divisions, approx 25 mm 
in height and 27 +. 0-5 mm internal dia. 

(b) Paddle—of copper or other non-corrodible metal, 
4-75 to 4-76 inches (120-65 to 120-9 mm) long, 0-75 to 
0-76 inch (19-05 to 19-3 mm) wide, and 0-0625 to 
0-0725 inch (1-59 to 1-84 mm) thick. 

(c) Drive Unit—a variable speed motor capable of 
rotating the paddle around its longitudinal axis at 
speeds up to 1500 r.p.m., and constructed so that the 
paddle can be lifted vertically from the cylinder. The 
paddle holder shall be designed so that the paddle 
does not foul the cylinder sides during rotation. 

(d) Tachometer—to indicate speed of rotation. 

(e) Water Bath—capable of maintaining the sample 


at the test temperature and of sufficient depth to 
ensure that the whole sample is below the level of the 
liquid in the bath throughout the test. 

(f) Thermometer—conforming to the specification 
IP 3, For. 


MATERIALS 


4. Emulsifying Liquids—distilled water, or a 1% 
solution of sodium chloride in distilled water. 


PREPARATION OF APPARATUS 


5. (a) Clean the graduated cylinder to remove all 
traces of oily material and dry by heating in an oven. 

(b) Wash the paddle with IP petroleum spirit to 
remove all traces of oil, rinse with distilled water, dry, 
and place in position in the paddle holder. 

(c) Heat the water bath to the test temperature 
(usually 130° F or 54-5° C) and maintain at that 
temperature +-1° F (0-5° C). 


PROCEDURE 


6. Place 40 ml of the emulsifying liquid in the 
clean graduated cylinder, add 40 ml of the sample, 


and place the cylinder in the water bath. Lower the 
paddle into the cylinder so that it is concentric with 
the cylinder and the distance between the bottom of 
the paddle and the bottom of the cylinder is 0-25 inch 
(6-35 mm). 

When the contents of the cylinder reach the test 
temperature, commence rotation of the paddle, slowly 
at first and increasing to 1500 r.p.m. in 10 + 2 see. 
Continue stirring at this rate for 5 min (Note 1). 


Nore 1: It may be necessary to adjust the motor speed to 
maintain 1500 r.p.m. throughout the stirring period. 


Stop the paddle, raise it from the cylinder, and wipe 
clean with a rubber policeman, returning to the cylin- 
der as much emulsion as possible. 

Allow the cylinder to stand for the specified time 
and then inspect. 


ERRATUM 


NoTe ON THE WEAK Mixture KNock-RaTING OF AVIATION 
FUELS ABOVE 100 OcTaNE NUMBER 


Page 241. 


The last line of Section (4) (i) should read : 


“0-25 ml for 2-5 ml or more per USG ; or.”’ 
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TEMPERATURES AND THERMAL CONDUCTIVITY OF THE GROUND 
ALONG THE ALIGNMENT OF THE 30-INCH PIPELINE KIRKUK-BANIAS 
IN RELATION TO OIL TEMPERATURES * 


By T. B. MURRAY} and W. C. R. WHALLEYt+ 


SUMMARY 


Soil temperatures and thermal conductivities were determined at fifty sites along the 556-mile route of the 


30-inch pipeline from Kirkuk, N. Iraq, to Banias, Syria, 
Thermal conductivities were derived from the decrement and lag of the annual temperature waves 


prediction. 


at 2, 44, and 64 feet, obtained by frequent observation of thermometers in closed asbestos tubes. 
soil densities and specific heats were found by laboratory measurements on samples. 


This information was required for oil temperature 


The necessary 
In the method of mixtures 


for specific heats aluminium pellets were used as a standard, and inclined rotating calorimeters to obtain effective 


mixing of the two components. 
values, 
Recorded results include : 


Some oil temperature predictions are compared with the corresponding observed 


(a) thermal conductivities, specific heats, densities, and monthly average soil temperatures by locations 


and depths; 


(b) reproductions of temperature waves by locations and depths. 


INTRODUCTION 


Tue calculation of oil temperatures in a buried pipe- 
line is the subject of a monograph.' The information 
required for this calculation may be summarized as : 
(a) pipe diameter ; 
(6) throughput ; 
(c) frictional resistance to flow; i.e. frictional 
heat generated by the flowing oil ; 
(d) initial oil temperature ; 
(e) ground temperature at pipe depth but 
remote from pipe ; 
(f) thermal conductivity of ground surrounding 
the pipe. 

The information under headings (a), (b), (c), and (d) 
would be available in any particular case from general 
design data. This does not apply to ground tem- 
perature and thermal conductivity, information on 
which is usually sparse or entirely lacking. 

In the case of the 30-inch pipeline from Kirkuk to 
Banias some work on thermal conductivity had been 
carried out by Brummage ? in 1948. This investiga- 
tion, however, was restricted to determining thermal 
conductivities over three widely separated sections, 
totalling 40 miles of the alignment in Iraq, and did 
not include information on soil temperatures at differ- 
ing seasons and depths. 

When the original 12-inch lines from Kirkuk to 
Haifa and Tripoli were under consideration in 1931 
calculations of oil temperatures ' were made on the 
slender information available at that time. These 
calculations are to be found in the monograph in the 
“ Science of Petroleum.” 

Accurate oil temperature prediction assumes greater 
importance as pipe diameters are increased. As a 
first approximation, the tonnage throughput of a line 


pumping Middle East crude at constant gauge pressure 
may be taken to increase by 1 per cent for every 10° F 
rise in oil temperature. It is evident that the impor- 
tance of temperature effects is far greater in a 30-inch 
pipeline carrying 50,000 tons per day than in a 12-inch 
pipeline pumping 7000 tons. In pipelines of increasing 
diameter the rate at which heat is generated by fric- 
tion increases more rapidly than the rate at which it is 
lost to the ground. The quantity of oil flowing in the 
pipeline, and hence the amount of heat generated by 
friction, is nearly proportional to the cube of the 
diameter for equal hydraulic gradients. On the other 


Fie 1 


hand, the rate of heat transfer to the ground is found 
to be proportional not to the diameter but more nearly 
to its square root. In the result, oil temperatures in 
long pipelines of large diameter tend to be considerably 
higher than ground temperatures, whereas in smaller 
diameter pipelines the difference is not so marked. 
With a view to improving the prediction of pipeline 
temperatures and throughputs an extensive investiga- 
tion of ground temperatures and thermal conduc- 
tivities was undertaken over the whole alignment of 
the 30-inch pipeline between Kirkuk and Banias. A 
sketch map of the area is shown in Fig 1. The length 
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t Iraq Petroleum Co. Ltd., Tripoli. 
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of the pipeline is 556 miles. The profile of the 
alignment and the rainfall distribution are shown in 
Fig 2. 

The method adopted in this investigation was that 
of determining the temperature wave at three different 
depths in the ground. These depths were arranged to 
include ground above and below the level of the pipe. 
Fifty different sites were employed, mainly in the open 
desert, and at each site soil temperatures were taken 
at three depths, namely 2 ft, 44 ft, and 6} ft. The 
centre line of the 30-inch pipe is at 3} ft, and thus the 
effective thermal conductivity of the ground at pipe 
depths, and above and below it, could be calculated 
for each site. Reduced tracings of the temperature 
waves are shown at the end of this paper. 

The method of calculating the thermal conductivity 
of the soil from the temperature wave and its sub- 
sequent use for oil temperature predictions is des- 
cribed in the monograph of Beale et al. A more 
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RAINFALL 
Twenty-year averages (except Banias) 


extensive treatment of the heat wave is given by 
Ingersoll and Zobell. From the characteristics of the 
respective temperature waves at different depths the 
thermal diffusivity is derived. In order to obtain the 
thermal conductivity from the diffusivity it is neces- 
sary to know the specific heat and density of the corre- 
sponding layer of soil. These properties were deter- 
mined by experiments in the laboratory on specimens 
taken from the various sites. 
The results are tabulated as follows : 


Table II. Full Table of Soil Thermal Con- 
ductivities by Locations and Depths with Den- 
sities and Specific Heats. 

Table IIT. Concise Table of Weighted Mean 
Conductivities by Pipeline Sections. 

Table IV. Concise Table of Monthly Average 
Soil Temperatures by Depths. 


The tabulated figures show clearly that thermal con- 
ductivity increases with depth consequent on the 
presence of rock in most areas, 

Some examples of the results obtained by applying 
the foregoing information to oil temperature pre- 


THE GROUND ALONG THE ALIGNMENT OF THE 30-INCH PIPELINE KIRKUK-BANIAS 373 


dictions are shown in Fig 7. This shows predicted 
and some observed temperatures between K-3 pump 
station and the Banias terminal. The distance in- 
volved is 406 miles. The pipeline route from K-3 to 
T-4 lies solely in desert country. The section be- 
tween T-4 and Banias, however, contains extensive 
flooded areas and numerous streams during the rainy 
season. Accordingly, an empirical adjustment of 
—5° F has been made to the Banias temperatures for 
the winter season and —3° F for spring. 

The observed figures for the intermediate stations 
are not complete. Nevertheless, an examination of 
Fig 6 shows that fair agreement is obtained between 
predicted and observed figures. Predicted tempera- 
tures at T-4 tend to lie between 1° and 4° F high. 

In some few instances it has been possible to obtain 
values for soil conductivities from the alternative 
method of oil temperature measurement in the pipe- 
line. These are shown in Table V. Fair agreement is 
obtained in this limited comparison. 


SYMBOLS EMPLOYED 


The symbols used throughout this paper are de- 
fined or explained below. The meaning of symbols 
used with special suffixes not explicitly defined should 
be obvious, e.g. 7', is given as the soil temperature at 
depth x, so 7’, is the temperature at a depth of 6 ft. 
Engineering units are used consistently. 

A = coefficient of heat transfer from unit length of pipe 
to soil, B.T.U/ft run/hr/° F; 


9 
4nk approximately 


c = thermal capacity (numerically equal to specific heat 
value), B.T.U/Ib/° F; 
Cy = thermal capacity of oil, B.T.U/Ib/° F; 
e = 2-71828.. . = base of natural logarithms; 
h = depth of pipe centre, ft; 5 
H = frictional heat developed in unit length of pipe, 
B.T.U /ft run/hr; 
k = thermal conductivity, B.T.U/sq. ft/hr/° F/ft; 
In = natural logarithm, 7.e. logarithm to base e ; 
L = length of subsection of pipeline, ft ; 
m = mass throughput of oil, lb/hr; 
n = number of observations ; 
r = external radius of pipe, ft; 
R = ratio of annual temperature ranges or amplitudes at 


different depths ; 
t = time, hr; 
t, = lag of temperature wave, hr; 
- temperature, ° F; 
, = temperature of ground remote from pipe at depth h 
of pipe centre, ° F; 
T, = temperature of oil entering the pipe, ° F; 


“A 
T, = amplitude of temperature wave ; 


T, — amplitude of temperature wave in soil at depth 
x half temperature range, © F ; 
= soil temperature at depth and time 7’. 
temperature of oil at L along line, ° F; 
x difference of depths, ft ; 
= thermal diffusivity 
___ thermal oq, fhe; 
thermal capacity density 
p = density ; 
w = angular velocity of temperature wave 


period of temperature wave in hours 


| 
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TERMS USED 


The annual temperature range at any depth is the 
difference between the maximum and minimum 
temperature (Fig 3). 

The amplitude of the temperature wave is half the 


The lag is the time required for a given phase of the 
heat wave to pass from one depth to another. 
If a 1-ft cube of soil is considered, then : 


Volumetric heat capacity is the number of 
B.T.U. required to raise the temperature of the 
cube by 1° F = thermal capacity x density. 

Thermal conductivity is the number of B.T.U/ 
hr flowing across the cube when a temperature 
difference of 1° F is maintained across the two 
opposing faces. 

Thermal diffusivity may be considered as rate 
of temperature change of the whole cube (° F/hr) 
when heat flows across the cube under the effect of 
1° F temperature difference across two opposing 
faces, 


OUTLINE OF THEORY OF HEAT WAVE 


It is a basic assumption in the treatment of soil 
temperatures that there is a periodic heat flow into and 
out of the earth. It follows from this that the corre- 
sponding temperature curves must have a simple or 
compound sine form. 

The fundamental equation is : 


@ 
T, = Tg {ot — 2, / 


This equation is derived from the Fourier conduction 
equation, assuming 


(a) Sinusoidal temperature variation at the 
bounding plane, 


T,=T,sinet . . (2) 


In the case considered the bounding plane is either 
at the earth’s surface or parallel to it. 


(b) Anisotropic medium, i.e. a soil with uniform 
properties in all directions, of diffusivity «. 
Equation (1) gives the temperature at any depth 


and time. The factor e * Y 2 measures the de- 


crease in amplitude with depth, while the expression 
x x in the sine term represents the corresponding 
phase change, and is therefore a measure of the lag in 
equation (1), The sine term is unity at the maximum 
temperature in the heat wave when, from equation 


(1), 


amplitude 7, = Tye 2a = Jrange (3) 


Hence if the annual temperature ranges at two 
depths are known, the diffusivity of the intervening 
soil layers can be calculated without knowledge of the 
surface temperature. 

Alternatively, equation (1) shows that the tempera- 
ture at any depth will be a maximum when 


(4) 


The lag t, between the occurrence of the maximum 
at the surface or any depth and at any other depth 
distant x is therefore given by : 


2a 


The same reasoning holds if the minimum, zero, or 
any other phase is considered (see Fig 2). If the lag 
of the heat wave at any two depths is known, the 
diffusivity can therefore be calculated from equation 
(5). 

By definition, 
conductivity 


volumetric heat capacity 

Therefore, if the specific heat and density of the soil 
are known, the conductivity can be derived from the 
diffusivity already calculated by one of the alternative 
methods given above. 

In a detailed account of the theory of this subject,* 
the derivation of equation (1) from Fourier’s Con- 
duction Equation is given. The application of the 
theory to calculation of oil temperatures in buried 
pipelines is the subject of a monograph.! 

In practice, the ideal conditions assumed in the 
derivation of the fundamental equation are only 
partially fulfilled. The necessary assumptions may 
be restated in the particular form required for this 
investigation. 


(a) The annual temperature change at the 
earth’s surface is a simple periodic function, i.e. 
it varies sinusoidally. 


range. 
Amplitude Range 
Range 
Pd H 
Pid —| lag | 
Amplitude 
Fic 3 
i.e. when wot —2z =; 
2a 2 i 
4 (or any other coterminal angle), giving 
2 2a 
; 2 q 
x 
() 
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(b) The thermal diffusivity of the soil is con- 
stant over the period of test, i.e. for at least one 
annual cycle. 

(c) The heat flow is up or down only, 7.e. nor- 
mal to the surface. (With a plane surface, this 
assumption is unnecessary if (b) holds.) 


The authorities are agreed that surface tempera- 
tures vary approximately sinusoidally over an annual 
period. In Middle East conditions the absence of 
cloud and rain in summer leads to a particularly close 
approximation to sine form for the upper portion of the 
temperature curve. In winter the agreement is 
generally less good, but nevertheless it appears that a 
fair approximation to the sine wave is obtained. 

The present results show that the diffusivity usually 
varies considerably with depth. In fact, at many 
locations the type or condition of soil can be seen to 
change with depth, often to a marked degree. For 
example, there might be 3 ft of soil cover over solid 
limestone. Soil strata, however, were usually found 
to be locally quite uniform in the horizontal plane. 
The heat flow therefore must still be in one direction 
only. Accordingly, the diffusivity calculated from 
the annual temperature ranges at two depths may be 
considered as the effective diffusivity of the inter- 
vening soil layer, and similarly for diffusivity cal- 
culated from the lag of the heat wave. 

The necessary assumptions therefore appear to be 
justified for our purpose. In this present investi- 
gation temperature curves were obtained for three 
different depths at each site. Each curve includes at 
least one-and-a-half annual cycles. From each curve 
annual temperature ranges were derived for the depth 
in question. Hence by taking the depths in pairs 
three corresponding values of diffusivity were obtained 
for the intervening layers. 

In deriving the annual range the mean of the 
successive periods of 12 months was taken from the 
18-month record. Thus, an average for two seasons 
was obtained. 

Taking two depths, e.g. a and 5, it is convenient to 
take x as their difference and consider the lesser 
depth a as the new boundary or surface. 

Equation (3) then becomes : 


oT, Te Via 
or =e" Vin (R > 1) (6) 
2T, 


quation (6) may also be written as 


= 
In R = AP 


where In signifies the natural logarithm 


@ 


2a 


(In R)? = 2? 


or 
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@ 
2 «8760 
period of the heat wave is one year or 8760 hr. 
leads to the convenient form : 


Now == 0-0003586 radian/hr, since the 


This 


0-0003586 x2/(In R)? (7) 


The lag ¢t, of the temperature wave between any 
two depths is also derived from the temperature 


curves. Writing the second form of equation (5) 
again : 
2a \t 
or a = 697-1 (7) (8) 
1 
697-1 has 


when the numerical value of ; 
2a 4n 


been inserted. The period is, of course, one year, as 
before. Equation (8) is in a form used for calculation. 

The values of thermal capacity and density for the 
three soil layers were found from laboratory measure- 
ments on soil samples, and their product gave the 
volumetric heat capacity. On multiplying the diffus- 
ivity by the corresponding volumetric heat values the 
thermal conductivity for that soil layer was obtained. 


EXPERIMENTAL PROCEDURE 


Arrangements for Soil Temperature Measurement 


Considerable experience in the technique of measur- 
ing soil temperatures had been gained in a previous 
smaller investigation in 1948. This experience in- 
dicated that it was preferable to use ordinary mercury 
in glass thermometers inside buried tubes rather than 
vapour pressure thermometers or thermocouples. 
Buried thermocouples would have ensured that tne 
surface temperatures could not directly affect the 
indicated temperature and would almost certainly 
have been secure from malicious damage. However, 
accurate readings are difficult to obtain in field con- 
ditions, require more skill on the part of the observer, 
and involve the transport of fragile apparatus over 
rough tracks. Accordingly, this method was not 
adopted for general use but held in reserve for 
occasional application. 

The apparatus used is illustrated in Fig 4. A brass 
oil bottle containing the thermometer rested at the 
bottom of an asbestos tube. At the lower end of the 
asbestos tube was a steel collar of the same height as 
the oil bottle. This steel collar ensured that the 
thermometer container was at mean effective ground 
temperature over the section of soil surrounding the 
collar. Both the collar and bottle were 6 inches in 
length, and accordingly, the mean effective depth was 
taken as 3 inches higher than the bottom of the hole. 
The container was a brass bottle filled with a light 
lubricating oil, and had a thermometer permanently 
in position. Baffles were included in the tube to 
minimize convection currents, and the metallic lifting 


é 
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wires were made discontinuous to minimize direct heat 
flow down the tube. The top of the hole was closed 
by a tightly fitting wooden plug. Calibrated thermo- 
meters, capable of being read to within 0-1° F, were 
used. The observer read the thermometer immedi- 
ately the oil bottle was raised to the surface, without 
stirring the oil, whilst standing between the sun and 
the thermometer. This method was found to give the 
most satisfactory results, and the reading so obtained 
was taken as the true one. In some confirmatory tests 
the observer, after taking the first reading, stirred the 
oil for about 4 min and then took another reading. It 
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EARTH TEMPERATURE MEASUREMENT APPARATUS 


is noteworthy that in certain conditions the thermo- 
meter declined on stirring due to evaporation of a 


film of moisture on the surface of the oil bottle. This 
effect was confined to the deeper holes. There was no 
question of the oil losing heat to the atmosphere as at 
this time air temperatures were higher than the oil. 
Subsequently a slow rise in temperature was obtained 
after the moisture film had disappeared. After this 
discovery the oil bottles were wiped with a dry cloth 
if any moisture was present. 

At each of the fifty sites three depths were em- 
ployed, as previously stated, namely 2 ft, 44 ft, and 
64 ft nominal. Twenty-four of the sites were in Iraq 
and twenty-six in Syria. In general they were about 


15 miles apart. In two sections where the soil varies 
considerably, namely between K-3 and T-1, and 
between T-2 and T-3, the spacing was reduced to 
approximately 5 miles. Where installations could 
not be placed in pump stations they were made as 
inconspicuous as possible by camouflage. Care was 
taken to avoid water channels and other sites liable to 
flooding in winter. During installation the soil was 
disturbed as little as possible. Earth augers were 
used with crowbars to loosen hard soil and soft rock. 
In some instances it was necessary to use a com- 
pressor driven rock drill for the deep holes in solid 
rock. 

All sites were ready before the summer peak period 
of 1951, and observations were continued until after 
the summer peak of 1952. In this manner a series of 
1} cycles was obtained. 

Temperature readings at all sites were taken regu- 
larly by observers making scheduled runs along the 
pipeline. This accounts for the varying and irregular 
intervals between observations, since at either end of 
his run the observer would take observations with only 
two days between them followed by an interval of per- 
haps two weeks. In the middle of his run the ob- 
servations would be taken approximately once a week. 
This irregular feature was unfortunate, but could not 
be avoided. At the times of maximum and minimum 
an increased number of observations was obtained by 
employing a second observer. Delays were sometimes 
caused through tracks or rivers being impassable in 
winter and by mechanical breakdown of vehicles, but 
the overall effect was not serious. At particular sites 
readings might have to be omitted when Bedouin 
were grazing their flocks near by. Only in Homs 
Depot was it possible to arrange for earth tempera- 
tures to be read every working day. 

The temperature curves (appended) often show 
pronounced irregularities. This is particularly the 
case in winter at 2 ft depth, and it had to be con- 
sidered that these might be due to daily changes in 
weather at the surface affecting the thermometers 
directly by convection in the tube. This would 
seriously reduce the accuracy of all observations, and 
accordingly in the early part of 1952 a check was made 
in Homs Depot. It may be remarked that the 
climate of Homs is cold, stormy, and wet in winter. 
In this check, oil bottles similar to those normally in 
use were buried at the same depths as those in the 
tubes only a few yards away, and the augered holes 
completely backfilled. Each such bottle had two 
calibrated copper-constantan thermocouples im- 
mersed in the oil, with the leads running to the surface 
inside rubber tubing. This arrangement gave the 
necessary insulation and strength. The thermo- 
couple e.m.f. were read daily using a Cambridge 
potentiometer with melting ice for the reference 
standard. The temperatures so obtained were plotted 
against the corresponding ground temperatures as 
given by the thermometers. The test was continued 
for three months. The two sets of results corre- 
sponded closely over a period when there were many 
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irregularities. This was accepted as proof that the 
thermometers in the tubes did in fact read soil tem- 
perature and were not affected directly by surface 
conditions to any serious extent. 

Strong confirmation of the intrinsic verity of the 
thermometer readings is afforded by a detailed study 
of individual temperature curves. Irregularities in 
the 2-ft curve tend to be repeated with diminishing 
amplitude and increasing lag in the 4}-ft and 6}-ft 
curves. Examples of this effect may be seen at 
August 1951 
February and April 1952 
August 1951 
April 1952 
August 1951 
March 1952 
December 1951 
{April 1952 

April and November 1951 


Mile 32. ‘ 
Mile 234. { 
Mile 353 
Homs 
Banias 


Numerous other cases may also be detected. 


Laboratory Determinations of Soil Density and Specific 
Heat 


Samples of various soils at appropriate depths were 
obtained from all locations and their specific heat and 
density measured. The product of specific heat and 
density is the volumetric heat capacity. It is this 
quantity which is required for transformation of 
diffusivity to conductivity 


Yonductivity 
Specific heat x Density 


Diffusivity = 


Contrary to published statements, wide differences 
were found between the volumetric heat capacity of 
the various soil samples. Values varying between 17 
and 38 B.T.U/cu. ft/° F were noted. The moisture 
content was determined only for soils from the Homs 
to Banias section, where winter rainfall is fairly high. 
It was assumed that the moisture content of desert 
ground at the depths concerned would be small and 
substantially constant throughout the year. In any 
case, such data would be difficult to apply to diffusivity 
calculated from the temperature wave for a whole 
year. Accordingly, the moisture content was not 
determined for such locations. 

Density was determined by volumetric displace- 
ment of fine sand followed by direct weighing of the 
sample in air. In sampling, the specimens had been 
obtained so far as possible in large lumps. This 
procedure gave the bulk density of the specimen as it 
had been when in its original position. Subsequently 
the fragments of soil were recovered from the sand by 
sieving. In some few cases soil densities were taken 
in situ. 

The specific heats of the soil specimens were measured 
by the method of mixtures. Aluminium alloy pellets 
were used as the reference standard. Water was not 
used as a standard, since some types of soil possess a 
heat of absorption. No other available fluid had 
suitable properties, and all had the disadvantage that 
the sample tested could not be used again. Alu- 
minium was chosen for the reference standard because 


its high specific heat and low density gave it a volu- 
metric heat capacity similar to that of most soils. 
By this means it was possible to work with mixtures 
in which the two components were of approximately 
equal volume and heat capacity, and thus the tem- 
perature changes of the two components were also 
approximately equal. These factors tend to mini- 
mize errors due to thermometer readings. Mag- 
nesium would have been even more suitable as a 
reference standard from the point of view of volu- 
metric heat capacity, but was ruled out on account of 
its reaction with water even at ordinary temperatures. 

From the beginning it was recognized that the 
accurate measurement of the temperature of a small 
mass of soil particles would not be an easy matter. 
Similarly the interchange of heat between the alu- 
minium pellets and the soil could not but be a slow 
process. To promote thorough stirring and inter- 
change of heat inclined rotating calorimeters (Fig 5) 
were devised. Cylinders A and B are polished light- 
weight copper calorimeters. The rotation of these 
calorimeters at a suitable angle provided a thorough 


Fia 5 
INCLINED ROTATING CALORIMETERS FOR MEASURING SPECIFIC 
HEAT OF SOIL BY ADMIXTURE WITH ALUMINIUM PELLETS 


agitation of their contents. This method of stirring 
was adopted by analogy with a ball-mill as providing 
a convenient method of mixing solid particles. The 
most effective angle of inclination was found by 
inspection of the rotating contents. A central tube of 
copper foil soldered to the bottom of the calorimeter 
provided support and protection to the thermometer. 
It was hoped also that this feature would provide a 
conducting path from all depths of the rotating mass 
to the bulb of the thermometer and thereby give a 
more truly representative temperature. Accurate 
open-scale thermometers reading to within 0-1° F were 
employed. 

The water equivalent of the calorimeter B was 
measured in the usual way. A weighed quantity of 
warm water was placed in calorimeter A and of 
chilled water in calorimeter B. Both cylinders were 
then rotated steadily and continuously for several 
minutes. At 30-sec intervals the rotation was 
halted to read the temperature of one or the other 
alternately. When steady cooling and heating curves 
had been established the warm water was quickly 
poured into calorimeter B, the time of mixing being 
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noted to the nearest second. After mixing the 
calorimeter was rotated for a further 15 minutes. 
Temperatures were read at 30-sec intervals as before. 
By graphing the several heating and cooling curves the 
respective temperatures at the instant of mixing were 
determined by extrapolation, and the water equivalent 
of the calorimeter B with its allocated thermometer 
calculated. The mean value of fifteen such deter- 
minations was found to be 15-3 g with a probable error 
of 1-3 per cent amongst themselves. 

Proceeding along similar lines the specific heat of the 
aluminium alloy pellets was then determined, and as 
a result of five tests was found to be 0-189 with a 
probable error of 0-2 per cent amongst themselves. 
The accuracy of these determinations is decidedly 
higher than the later ones on the soil samples owing 
to the greater facility of heat exchange. 

Subsequently the specific heat of the soil samples 
was measured by a similar procedure. In this case 


MIM TURE 


Fia 6 

SPECIFIC HEAT DETERMINATION 

Typical temperature curves before and after mixing 


the warm aluminium pellets were decanted into the 
chilled soil. It was necessary to continue the ob- 
servation of temperatures over a longer period 
amounting to about 20 minutes, since the temperature 
equalization process was slower. The experiments 
were so arranged that the water equivalent of the 
calorimeter was approximately one-fifth of the whole. 
The most important source of error was the estimation 
of temperature at the instant of mixing. This error 
was minimized by so arranging the respective quan- 
tities that the temperature rise of the chilled soil was 
approximately the same as the fall in temperature of 
the hot aluminium pellets. Moreover, the tempera- 
ture of the mixture was planned to be only slightly 
above that of the laboratory. This gave a final 
cooling curve of gentle slope, and in this manner 
maximum precision was obtained from the lengthy 
extrapolation required. A typical set of curves is 
shown in Fig 6. 


CALCULATION OF THERMAL 
CONDUCTIVITIES 


Temperature waves are available from the fifty 
sites for the three depths of 2 ft, 44 ft, and 6} ft, as 
appended in reduced form. The several soil layers 
for which the conductivity was determined have been 
classified as follows : 


Layer A 2-6} ft, i.e. mean depth = 4 ft 3 in 
Layer B 2-4} ft, ,, » 
Layer C 44-6} ft, ,, » = 5 ft6in 


The foregoing depths are nominal; in the cal- 
culation measured depths were used. 

The expressions from which the diffusivity of the 
soil layers were calculated from the temperature 
waves are : 


From Amplitude Ratio : Equation (7). 
From lag : Equation. (8). 


Furthermore, 


Thermal conductivity = Diffusivity x Specific 
heat x Density 


The specific heat and density for the several soil 
layers at each site were determined in the laboratory 
as described in the previous section. The thermal 
conductivity could thus be calculated. 

In theory both the amplitude ratio and lag ex- 
pressions for calculating diffusivity are equally valid. 
In practice, however, it appears that the amplitude 
ratio may be determined with decidedly greater 
accuracy than the lag. In treatment of the results 
both methods were used for all sites. Subsequently 
the two series of figures were weighted statistically. 
The relative weights were then used to combine the 
two values for every layer and site. 


TABLE I 


Probable Error (Per Cent) in Pipeline Section Average 
Conductivities 


| 
| 


| 


ata 


-466 
M-466-Banias 
Average for pipeline 
Single observation . 


ao 


OS 


n = number of values available from each section. 


In making use of the curves it was necessary to take 
into account the marked irregularity of some of them. 
Those from 2 ft in particular show obvious departures 
from the sinusoidal form. Since it had been proved 


f 
$ 
f 
i 
\/ 
es 
Layer 
|B | c 
2 . | 0-58 | 
3 | 0-41 | 
T-2 0-45 | 
T-4 im 0-50 
0-58 | 
| 
0-38 | 
0-14 
| 1-00 | 


Location 
by miles 
from K-1 


GROUND 


Notes on nature of ground 


0 (K-1) 


32 


54 ( Fat ha) 
(Gorge) 


66 (K-2) 


110 


122 


136 


166 


172 


190 


Deep alluvial soil with very 
few pebbles 


Tigris Rive er alluvial al gravels 
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Full Record of Soil Thermal Conductivities, Specific Heats, and Dense 
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Deep sand with some con. | 


solidation 


Marls overlyi ing massive gyp- 
sum or rotten 
Subsoil frequently rocky. 
Numerous outcrops 


Marls overlying marly lime- 
stone. 


k k k 
ayer B | Layer A | Layer C 
(eas ft) | (2- 4 ft) | (44-64 ft) 
0-57 — 
— 0-57 
— 0-61 
| ose | — 
— 0-41 
| 0-58 
— 0-27 — 
0-30 
027 | — 
— | O31 
0-29 
— — 0-28 
on | — |. 
— | 040 — 
— 0-43 
o32 | 
| 0-40 = 
; — | oe 
015 | — 
~ | — | oss 
om | — 
— | o22 | — 
= | — | 088 
0-23 
027 | — 
| — | 
— 
0-23 
0-29 
o23 | — - 
0-31 


0-24 =| 


| | Spec. | | 
| layer | heat ke ky 
| B | Wm | 0229 | 056 | 0-60 
| A 108 | 0-215 | 0-58 | 0-54 
| 106 | 0-201 | 063 | 0-49 
117. | O189 | 0-28 | O42 | 
A 118 | 0-208 0-39 0-47 
C 120 0-226 | 0-58 0-53 
B 91 | O211 | O24 | 0-30 
A 91 | O211 | 0-26 0-31 
91 | | O29 | O34 
vi 100 | 0-166 | 0-21 | O41 
| A 100 | 0-166 | 0-24 0-39 
| 100 | 0-166 0-30 0-36 
ee. 100 0-192 0-25 0-45 
100 | 0-192 | 0-25 0-44 
| c 100 | 0-192 | 0-26 0-44 
B 107 | 0-221 | O41 0-27 
limestone. A 110 0-225 0-42 | 0-32 
c 112 | 0-228 | 043 | 0-39 
| 
z=: 120 | 0-261 | 029 | 0-40 | 
A 122 | 0-263 | 0-39 0-44 
c 125 | 0-266 | 0-65 | 0-50 
B 75 | 0-220 | 0-16 
= 89 | 0-231 | 0-19 0-29 
| ¢ 108 | 0-242 | 0-29 0-62 
B 90 | 0227 | O13 0-16 
| s 93 | 0-233 | 0-20 0-23 
| 97 | 0-239 | 0-38 0-39 
| B 87 | 0-244 | O14 | 0-44 
| A 96 | 0-236 | 0-21 0-51 
| ¢ 106 | 0-227 | 0-38 0-61 
| B 74 | 0267 | 0-16 | 0-30 
| <A 74 | 0-267 | 0-20 | 0-34 
| 74 | 0-267 | 0-27 0-40 
| B 112 | 0177 | 020 | 0-32 
Numerous outcrops A 116 0-173 0-31 0-31 
| © 119 | 0-169 | 0-64 0-29 
| B 94 | o192 | O21 | 0-83 
oA 94 | 0192 | 022 | 0-33 
| oc 94 | 0-192 | 0-22 | 0-33 
| B 92 | 0185 | 0-16 | 0-25 | 
| A 92 0-185 0-20 | 0-25 
| 92 | 0-185 | 0-29 | 025 | 
| B 107 | O-181 | 0-22 | 029 | 
107. | O18L | 0-29 0-41 
| 107. | | 0-43 0-67 
| B 93 | 0-202 | 0-24 | 0-24 | 
93 | 0-202 | 0-19 0-26 | 
93 | 0-202 0-16 0-28 | 
| B 117. | 0-198 | 0-20 0-30 | 
116 0-198 0-27 O31 | 
| 115 | 0-198 | 0-43 0-34 | 
a 92 | 0289 | 020 | 033 
| A 87 | 0. 280 | 024 | 030 | 
82 | 0-272 | 033 | 0-28 | 
| | 


— | 
‘a 0-23 
O18. 
0-21 
0-28 
0-24 
0-32 


0-21 

0-17 
=. 

- | — | 

| 0-32 


h 150(K-3) = 
155 
| 4 | 
} 
184 
| 
| 
| 
| 
= | 
| 
194 
¥ 
| 


380 MURRAY AND WHALLEY: TEMPERATURES AND THERMAL CONDUCTIVITY OF THE 


TaBLe II—continued 


| | 
Location | gon | k k k 
| by miles Notes on nature of ground paver Density | | Layer B | Layer Layer C 
from K-1 | | ft) (2-64 ft) (44 ft) 
199 | | Marls overlying marly lime- | | 102 0- 204 0- 27 0-40 0-30 
stone. Numerous outcrops A | 102 | 0-214 0-23 | 0-33 0-2 
—continued) 101 | 0-223 | 0-19 | 0-27 — 
205 | 9-230 | 0-16 | 0-18 one 
| 93 0-222 | 0-18 | 0-22 — | — 
96 | 0-215 | O21 | 0-31 0-22 
210 (T-1) | 93 | 0: 207 O19 | 0-33 0-23 — 
A | 98 | 0-196 | O18 | 0-27 — | 0-20 — 
C | 104 | 0-184 | O16 | 0-21 — |= 0-16 
223 98 | 0-207 | O21 | 0-20 
| a | 100 | 0-207 | 0-29 0-25 — | we — 
| | 101 | 0-208 | 0-49 | 0-35 - 0-48 
234 Light sandy clay thinly over-| — B | 105 0-193 0- 28 “a 0-32 029 ; — - 
lying sandy limestone 105 0-193 0-40 0-36 0-39 
|} C | 105 | 0-193 | | 0-44 0-68 
247 112 | 0-182 | 0-43 | 0-60 0-48 
112 0-180 | 0-42 0-55 0-45 
| | 0-175 | 0-40 | 0-48 — 0-41 
264 | B 129 | | 0-57 | 059 | 057 
122 0-183 045 | 0-67 0-50 
| c 115 | 0-165 | 0-35 | 0-84 | _ 0-40 
279 (T-2) | Bp | 125 | 0185 | o21 | O41 | 0-27 ae 
| A | 120 | 0204) 027 | | — 0-31 
Cc | MS | 0-224 | 0-39 0-49 0-40 
| | 
287 | 97 | 0-228 | O16 | 0:38 | 0-22 
A 97 | 0-228 0-20 | O32 | - 0-22 a 
| bd we 0-228 | 0-26 | 0-27 | 0-26 
294 | B | o194 | 031 | 0-82. | 
| 100 0-191 0-42 | 0-41 
99 | 0-188 | 0:67 | 0-59 — | | 
301 0-199 | 0-42 | 0-47 0- 
| aA | 85 | 0-194 0-44 0-44 0-44 — 
| c . | 0-189 | 0-48 0-41 — — 0-47 
307 | B | me “| 0206 | 044 | 049 | O45 — 
| | A | 112 | 0-206 | 0:50 | 0-40 ded 0-48 sin 
112 | 0206 | 0-60 0-32 0-57 
313 | | 0180 | 040 | 0:35 | 0:38 
| A 110 | 0-180 | 0-52 0-42 — | 0-50 — 
320 | | B 151 | 0165 | O52 | 0-58 0-54 
A 166 | 0-156 | 053 0-62 — | 
185 0-144 0-52 0-66 — 0-53 
326 | B 150 0-162 0-50 0-48 049 | — 
| A 153 | 0-163 | 0-70 0-59 — 
| 155 0-164 1-29 0-78 | 24 
330 130 | 0-167 | 0:30 0-41 0-33 | — 
A 134 | 0-169 | 0-40 0-47 — 0-42 — 
| c 142 | 0-173 | 0-64 0-58 | — 0-63 
338 Palmyra Basin. Mainly allu- | B 107 0: 0-26 | 
| vial with occasional outcrops A 104 0-233 0:30 0-31 a | 0:30 — 
of limestone or sandstone Cc 100 0-254 0-48 0-40 — “47 
346 B 0-147 | 0-43 1 
A 108 0-162 | 0-36 0-37 — 0-36  — 
105 | 0-180 | O31 0-32 — 
353 B | 110 | 0182 | 046 | O61 | 0-50 — = 
117 0-157 | 0:38 0-38 — 0-38 — 
| 125 | 0-142 | 0-33 0-25 


— 
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TaBLe I1—continued 


by miles 


Notes on nature of ground 
from K-1 


-360(T-3) | 


Palmyra Basin. Mainly allu- | 
vial with occasional outcrops 
of limestone or sandstone 
—continued — 


hills. Light sandy | 
clay overlying limestone 


421 (T-4) 


106 
110 
115 


Terra Rossa. Reddish fertile | 

clay with limestone at depth! A 

| Soil moisture 15 per cent May © 
1952 at 3-ft depth at Homs | 


479 (Homs) | 117 
117 
117 


| 


Heavy desk fertile olay with | 
numerous basalt boulders 

Soil moisture 10 per cent July 
1952 at depth 


138 
154 


| Coastal hills. 
clay overlyi ing 
Moisture 
July 1952: 
15%, 5d ft 


limestone. 
content M.515, 
2 ft 8%, 34 mt 


© 


108 
108 
108 


Coastal plain. “Heavy dark 
fertile clay with numerous 
basalt boulders Moisture | 
content, July 1952, 
and 556, 34 ft 14% both | 
locations 


556 (Banias) 


B 


Cc 


kr 
ky, 


k k k 
Layer Layer Layer C 
(2-44 ft) | (2-64 ft) (44-64 ft) 


0-18 


Spec. 


heat ke ky 


| 0-164 
0-164 


O18 
0-30 


18 
0-29 0-30 
0-68 . 
0-34 
0-32 
0-29 
0-29 
0-30 
0-33 


0-190 

0-193 

0-196 
0-40 
0:42 
0-45 
0-29 
0°30 
0-32 
0-27 
0-23 
0-19 


0-46 
0-52 
0-59 


0-151 | 
0-154 
0-156 


0-29 
0°33 
0-40 


0- 58 

0-250 

0-241 
0-23 
0-26 
0-31 
0-31 
0-31 
0-32 


0: 0-165 
0-168 
0-172 


E 


| 
| 
0-229 


21 
0-24 
0-28 


0-194 
0-42 
0-53 
0-76 


0-232 
0-232 
0-38 
0-46 
0-61 


| 0-232 


0-307 
0-307 


0-230 
| 0-187 0-78 
0-144 0°84 
0-53 
0-60 
0-71 


0- 71 O-88 
0-84 


0-75 


[3 
| 
0-307 | 
| 


0-37 
0-54 
0-95 


| 0-220 
0-220 

| 0 0-220 
0-46 
0-59 
0-83 


0- 35 
0-50 
0-88 


0-241 
0-241 
0-241 | 
0-330 | 0-55 
0-51 
| 0-46 


0-73 
0-68 
0-63 


0-330 
0-330 
0-59 
0-64 
0-73 


70 
0-66 
0-62 


0-236 
0-246 
0-257 | 


Thermal conductivity from amplitude ratio (B.T.U /sq. ft/hr/1° F/ft) 
conductivity from lag (B.T.U/sq. ft/hr/1° F /ft) 


k = Weighted mean value according to estimated accuracies of ky and k, 
Soil layer B is layer between 2 ft and 44 ft giving 3 ft 3 in mean depth 
Soil layer A is layer between 2 ft and 6} ft giving 4 ft 3 in mean depth 
Soil layer C is layer between 44 ft and 6} ft giving 5 ft 6 in mean depth 


Soil density in Ib/eu. ft. 


Soil specific heat numerically equal to thermal capacity in B.T.U/Ib/1° F 


that the recorded figures were true soil temperatures 
they could not be ignored as errors of observation. 
The irregularities having been proved to be real it 
seemed clear that they could be represented by higher 
harmonics superimposed on the fundamental heat 


wave. The problem then was how best to determine 
the amplitude and lag. It seemed incorrect to take 
the extreme maxima and minima as representative, 
since these were obviously excrescences on the main 
curve in many cases. This is particularly true of the 


Location | 
| 
A | 103 | 
C | 103 | 0164 | 0-72 0-71 
376 | B | 107 | 0166 | 0-22 | | q 
| A | 114 | 0-163 | 0-24 | 
C | 121 | 0159 | 025 | | 025 ‘ 
396 | . 
c | | | O29 
403 | B | | | |. 
B 86 | o29 | 
435 B | 89 | o26 | 
A | 86 | 0-23 | 
| - | O25 
| | 0-29 
: — 0-49 
| -- | - Ost 
A | 1983 | — | 067 
C | 122 0-76 
| * 
515 lish fertile} B | | O76 
c | 0-83 
530 0-38 | - | - 
| | 108 | — | o62 
| | | Ms — | | O88 
| A | 128 | | 0-66 
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2-ft winter figures. Two methods of treatment seemed 
possible, from either of which the amplitude and lag 
could be obtained. 


(a) to extract the fundamental curves by 
Fourier Analysis ; 
(b) to draw in supposititious curves by eye. 


The extraction of the fundamental is a straight- 
forward but laborious process. It provides an objec- 
tive method of dealing with the irregular temperature 
curves for any given year. The alternative—drawing 
a smooth supposititious curve by eye through irregu- 
larities— is very much quicker, but the results depend 
to some extent on judgment. Accordingly, it was 
decided to analyse the temperature curves for five 
representative locations and compare the diffusivity 
values thus obtained with those derived from suppos- 
ititious curves, No significant difference between 
the results obtained from harmonic analysis and the 
supposititious curves was found, and therefore the 
latter were used in every case. 

The curves in most cases include two summer 
maxima and one winter minimum. Thus for each 
layer two values of amplitude are available. For the 
lag two values were obtained from the summer peaks 
and two more from the mean temperature. This 
latter point on the curve is preferable to the winter 
minimum, which is usually ill-defined in time. The 
lag, of course, could be taken between any two corre- 
sponding phases on the respective curves. 

The two methods of amplitude ratio and lag were 
used to evaluate the conductivity for each layer and 
site. These are the figures listed as ky and k, in 
Table II. In order to obtain the best final values the 
two methods were examined from the standpoint of 
experimental errors. The probable errors involved 
in the several measurements were estimated by the 
usual statistical methods, and are tabulated below. 


Probable Errors in Measurements 


Soil temperature : 

Individual observations, ° F 

Values read off from plotted 

curves, ° F : 
Depth of installations, ft 
Specific heat of soil, % 
Density of soil, % 
Layer: A Cc 
Temperature wave lag, % . ee 8-9 13 
Depth, ft: 2 44 64 

Annual temperature range,% . 2:0 0-7 ll 


From the foregoing it was calculated that the probable 
errors (per cent) of the several individual conduc- 
tivities are : 

Layer: A B Cc 
Conductivity by amplitude 


method 8 11 10 
Conductivity by lag method eed 18 28 


Taking into consideration these probable errors in the 
two series of figures ky and k,, relative weights were 
calculated to be the figures below : 


Relative Weights 

Layer: A 
0-79 
0-21 


Cc 
0-89 
O11 


B 
0-72 


Amplitude ratio method 
0-28 


Lag method 


The foregoing relative weights were used to combine 
the pairs of values for conductivity kz and k, in such 
a way as to obtain the best figure. This latter is the 
final weighted mean conductivity k listed by sites in 
Table IT. 

The process of combination has the effect of reducing 
the probable error of the final figure. Taking all 
factors and sources of error into consideration, the 
probable errors of weighted conductivities for in- 
dividual sites are : 


Layer: A B Cc 
Probable error, % 7 10 9 


For the purpose of predicting oil temperatures the 
weighted conductivities from individual sites are best 
combined into representative values to be employed 
for the whole of particular pipeline sections between 
pump stations. This process has the effect of further 
reducing the probable error for the several sections 
as may be seen in Table I. 


Tasce IIL 
Concise Table of Soil Thermal Conductivities 


| Weighted 


Layer C 

(44 “64 ft) 

(Mean = 
54 ft) 


U/sq. ft /hr/°| F/ft 
0-42 


| Layer B 
(2-44 ft) 
| (Mean = 
| 8} ft) 


B.T. 
0-38 
0-26 
0-23 
0-36 
0-38 
0-29 
0-26 0-26 
056 0-62 


Layer A 

(2-64 ft) 

(Mean = 
4} ft) 


Section 


0-30 
0-23 
0-36 
0-42 
0-32 


Application of Results to Oil Temperature Predictions 

The usual formula derived for calculating the 
temperature of the oil at any point along a buried 
pipeline ' may be written : 


T, =T)+ (7, (9) 


Equation (9) holds for steady conditions only. 
After any change in throughput some time will elapse 
before the new steady temperature is reached; and 
a more complicated treatment would be needed to 


calculate the transient conditions. The derivation of 
equation (1) assumes a soil of uniform conductivity, 
and in practice it is necessary to use the average 
effective value for sections of suitable length. No 
allowance is made for the resistance to heat flow from 
the surface to the air, where the heat is eventually 
dissipated, and this could be compensated for by an 


= 
| 
| 
0-33 
T-2-T-3 0-55 
TT .4., oss 
T-4-M-466 “4 0 
M-466~-Banias | 0-75 
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TasLe IV 
Concise Tables of Average Monthly Soil Temperatures (° F) 


{ | | 
| Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. Nov. Dee. 
2-ft depth 
K-1-K-2 86 57 59 68 73 63 
K-2-K-3 . .| 5&7 | 58 61 «69 75 | 80 | 86 87 | 86 | 80 72 64 
K-3-T-1_ . | 55 | 57 | 59 68 73 | 78 83 84 83 77 70 63 
T-1-T-3 . 56 57 59 68 73 | 70 | 8 85 | 84 78 70 63 
T-2-T-3 . oe 56 67 83 76 67 59 
7-3-T-4 . 72 | 78 | 83 85 | 83 76 67 58 
T-4-M-466 51 52 66 | | 63 55 
M.466—Banias 55 | 56 | 56 | 6 | 70 | 78 | a | 86 | 8 | 76 | 68 | 60 
4}-ft depth 
K-1-K-2 65 | 63 63 66 ae oe eee 88 84 79 72 
K-2-K-3 | 66 64 64 67 71 | 7% | 70 82 83 81 |} 7 72 
K-3-T-1 64 | 63 62 66 | 79 80 (78 73 69 
T.1-7-2 . | 63 62 61 | 6 | 69 | % 78 81 81 | 79 74 69 
T-2-T.3 «60 | 59 59 | «64 68 | 74 78 so | so | 7 | 72 66 
T-3-T-4 | 69 | 58 58 | 64 67 | 7 76 (a oe. a 72 66 
T-4-M-466 57 | 56 55 «(59 74 74 72 68 63 
M-466-Banias | so | so | 68 | | 72 | 77 | | 81 73 | 72 «| «65 
63-ft depth 
K-1-K-2 . 70 | 67 65 | 67 71 75 |; 80 |; 83 | 8 | 8 80 15 
K-2-K-3 . | 70 | 67 6667 70 73 | 76 | 79 | 80 | 80 | 77 74 
K-3-T.1 . | 68 | 66 65 | 66 68 | 
T-1-T-2 . | 67 65 64 66 68 7 
T-2-T-3 . 64 62 61" 64 67 70 77 74 70 
T-3-T4 . 64 60 | 63 | 66 70 | 76 73 
T-4-M-466 61 59 58 59 «62 65 | 68 | 70 72 | #17 69 66 
M.466-Banias | 64 | 62 61 | 63 | 65 oo | 74 | 77 78 | 77 74 68 


Note: The soil temperatures tabulated above were derived from field observation for the year ending 30 June 1952. Section 
average values were rounded off to the nearest degree. Soil temperatures at intermediate depths can be obtained without 
serious error by linear interpolation. 
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assumed reduction in the external radius of the pipe. 
Allowance must be made for increase in temperature 
in passing through pump stations arising from heating 
in the pumps or heat exchangers. 


Comparison of Calculated and Observed Oil Tempera- 
tures 


Fig 7 shows some examples of predicted and corre- 
sponding observed oil temperatures. It should be 
noted that the observed temperatures are approximate 
only. Oil temperatures vary appreciably and erratic- 
ally consequent on changes in operating conditions. 
Heat pick-up in the stations varies irregularly, and 
sharp changes in temperature may occur whenever 
suction tanks are changed. In consequence, steady 
conditions are rarely established, and it becomes 
necessary to follow a slug of oil down the line from 
station to station to obtain reliable corresponding oil 
temperatures. 


Comparison of Conductivities Derived from Temperature 
Curves and Oil Temperatures 


In some few instances accurate oil temperatures are 
available for lengths of pipeline and for a few hours on 
a particular day. The results are shown in Table V, 
together with corresponding conductivity values 
derived from the soil temperature curves. It will be 


seen that fair agreement is obtained in this limited 
comparison. 


FROM THIS POSITIOD 


Loc ation 
Date 

Duration of te ‘st, br 
Length of sec tion, ft 

Pipe O.D., inches . 
Initial oil temperature, © F 
Final oil temperature, ° F ‘ 
Throughput, mil. lb/hr. 
Hydraulic gradient, ft. hd/ft run 
Frictional heat, B. U/ft run/br 
Heat capac ity of flowing oil, 


Ground tempe rature at pipe | 

depth, °F . 62 62 61 
Effective thermal conduc ‘tivity, | 

B.T.U/sq. ft/hr/1° F/ft 0-59 O35 0-24 
Conductivity for section derived 

from temperature curves 0-52 | 0°33 | 0:24 
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assumed reduction in the external radius of the pipe. 
Allowance must be made for increase in temperature 
in passing through pump stations arising from heating 
in the pumps or heat exchangers. 


“omparison of Calculated and Observed Oil Tempera- 


tures 


Fig 7 shows some examples of predicted and corre- 
sponding observed oil temperatures. It should be 
noted that the observed temperatures are approximate 
only. Oil temperatures vary appreciably and erratic- 
ally consequent on changes in operating conditions. 
Heat pick-up in the stations varies irregularly, and 
sharp changes in temperature may occur whenever 
suction tanks are changed. In consequence, steady 
conditions are rarely established, and it becomes 
necessary to follow a slug of oil down the line from 
station to station to obtain reliable corresponding oil 
temperatures. 


Comparison of Conductivities Derived from Temperature 
Curves and Oil Temperatures 


In some few instances accurate oil temperatures are 
available for lengths of pipeline and for a few hours on 
a particular day. The results are shown in Table V, 
together with corresponding conductivity values 
derived from the soil temperature curves. It will be 
seen that fair agreement is obtained in this limited 
comparison. 


TABLE V 


M-95-M-129 


M-165-M-202 
19.2.53 
197,350 
32 


K-1-M-22 
19.1.53 
5 


Loe ation 
Date ° 
Duration of test, br 
Length of sec tion, ft 
Pipe O.D,, inches 
Initial oil temperature, ° F > 84-1 
Final oil temperature, ° F 82-5 
Throughput, mil. lb/hr. 5°23 
Hydraulic gradient, ft. hd/ft run 0: 000993 
Frictional heat, B.T.U/ft run/br 35- 4:13 
Heat ¢ apacity of flowing oil, 
B.T.U/Ib/? F 
Ground temperature at pipe 
depth, ° 
Effective thermal conduc ‘tiv ity, . 
B.T.U /aq. ft/hr/1° F/ft 
Conductivity for section derived 
from temperature curves 


2.2.53 


114,200 181,300 
30 32 


3-75 
0-00136 
6-57 


0-452 0-445 
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Write for the Klinger Master Catalogue 
which describes the complete range of 
Klinger products, compressed asbestos joint- 
ings for all purposes, valves, cocks, level 
gauges, synthetic and silicone rubbers. 


RICHARD KLINGER LIMITED, KLINGERIT WORKS, SIDCUP, KENT, ENGLAND 


Manufacturing Licensees for Canada Agents throughout the World Manufacturing Licensees for U.S.A. 


JOSEPH ROBB & COMPANY, LIMITED THE KLINGER CORPORATION OF AMERICA 
5575, COTE ST. PAUL ROAD, MONTREAL, 20, CANADA 95, river STREET, HOBOKEN, NEW JERSEY, U.S.A. 
Cable: ROBCO Telephone: HOBOKEN 2-7915 Cable: KLINGDALE 
Branches at: SYDNEY, N.S., HALIFAX, OTTAWA, Ont., 
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@ RANGEABILITY 2-100 PER CENT 
© TOP AND BOTTOM GUIDED PLUNGER 
@ SELF-ALIGNING SUSPENDED MOTOR 
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equipment for the Oil Industry 


Fires trend in the equipment of post-war oil refineries 

Above: An “outdoor” installation of Babcock Integral and chemical of 

Furnace boilers at Shell’s Shell Haven Refinery, boiler installations, in which only the firing floor and control 

points are under cover and no boiler house structure isinvolved. 

Furnace boiler. The Babcock Integral Furnace Boiler*, modern in design, 
compact, flexible in operation, with quick steaming character- 
istics and high availability, has proved ideal for this and many 
other industrial applications. It is available in capacities from 
40,000 to 250,000 Ib. steam/hr., for steam conditions up to 
900 Ib. sq. in. and 900°F., with oil, gas or coal firing, singly 
or in combination. 

Babcock & Wilcox Ltd. manufacture a wide range of 
equipment for the oil and chemical industries, including 
complete steam raising plants, welded pressure vessels, heat 
exchangers and plant for waste heat utilization. 


* Ask for Publication 1525 


BABCOCK & WILCOX LIMITED 


BABCOCK HOUSE, FARRINGDON STREET, LONDON, €E.C.4 
BOILERS - WELDED PRESSURE VESSELS ~- HEAT EXCHANGERS ~- WASTE HEAT UTILIZATION PLANT + CRANES 
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The thermal insulation at this large grease 
plant, Birkenhead, was undertaken by 
Kenyon. It includes agitators and steam 
lines, insulated with rigid slabs and sheet 
aluminium, and rigid insulation with hard 


setting finish respectively. 


KENYON & SONS LIMITED 


INSULATION ENGINEERS 


CHESHIRE 


Photograph by courtesy of The Vacuum Oil Co. Ltd. 
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TAL LEVELS 


UR PRESSURE 
LIQUID LEVELS 


ELECTROFLO 3000 Air-operated Automatic Controllers 
greatly simplify control of process plant however complicated or 
extensive. The versatility of the standardised interchangeable units 
affords highly efficient control in the widest variety of applications. 


Send for Catalogue 90 for full details and specifications § (Department P.2.) 


ELECTROFLO METERS COMPANY, LIMITED, 

Head Office: Abbey Road, Park Royal, LONDON, N.W.10. 
Telephone : ELGar 7641. Telegrams & Cables : ELFLOMETA, HARLES LONDON 
Factories: Abbey Road, London, N.W.10 and at Maryport, Cumberland. 
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ENGLISH DRILLING EQUIPMENT CO LTD 


BILBAO HOUSE, 36-38 NEW BROAD STREET, LONDON, E.C.2 


Telephone: LONdon Wall 4941-4 Telegrams: Bullwheel, Ave, London 


The Edeco Twin Jet Bit is recommended for use in conjunction with high 
velocity drilling fluid circulation, The cuttings are swept upwards by the jet 
stream, keeping the bottom of the hole clean, allowing FASTER PENETRATION 
and MORE HOLE per bit. 


The Edeco Twin Jet Bits are available with all the cutter designs illustrated 
in the EDECO Rock Bit Catalogue No. 82. 
The Jet Circulation ways are forged into the body of the bit avoiding the 


necessity for separate Tubes and allowing thicker walls around the circulation 
passages and, consequently, less danger of “‘cut outs’’. 


REGD.TRADE MA 
” The outlets of these passages are fitted with Tungsten Carbide Nozzles with 


bore size to suit customer's requirements. 


TYPE VS 


SUBSIDIARY COMPANIES 


EDECO PROSPECTORS LTD EDECO CANADA LTD EDECO GERMANY G.M.B.H. EDECO (TRINIDAD) LTD 
Barlby Works, Lindley Moor Road, 10103-80th Avenue, Folschblock C, Hermannstr. 40, P.O. Box 27, San Fernando, 
Nr. Huddersfield, Yorks, Edmonton, Alberta. Hamburg, |. Trinidad, B.W.1. 
Telephone: Elland 2676/7 Telephone: Edmonton 35825 Telephone: Hamburg 33 39 67 Tylephone: San Fernando 2819 
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Gas tor 
Power Generation 


o- 


Turbine Rotor in balancing machine 


The 1,750/2,500 kW gas turbine Type L21 and base load operation on liquid and 
is one of a range manufactured by Metro- gaseous fuels. 

politan-Vickers for power generation. As leaders in gas turbine development, 
These robust and simple single-shaft Metropolitan-Vickers would be pleased 
machines have been built for standby to give you advice and information. 


METROPOLITAN -VICKERS 


ELECTRICAL CO. ‘LTD TRAFFORD PARK MANCHESTER, 17 


Member of the A.E.1. group of companies 


Progress in Power Generadio 
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NO MAGIC 
ABOUT IT 


DON’T BE SURPRISED, the next time you're travel- 
ing through Lebanon, if you see a sign at a 
refinery which reads, “Built by Procon.” You may 
run across one on a chemical plant in England. 
You'll find them in Australia, Canada, Germany, 
Belgium, the Canary Islands, and in 18 of the 48 
United States. 


Yes, Procon gets around. And Procon’s reputa- 
tion gets around, too... a reputation for depend- 
ability . . . worthwhile economies . . . on-time 


completion .. . and long-time satisfaction in the 
construction of processing facilities for chemi- 
cals, petrochemicals, and petroleum products. 


No magic . . . just sound, common sense .. . 
practical engineering ability . . . field-trained 
personnel . .. and experience which encompasses 
the world. 


When you’re ready to discuss your process con- 
struction plans, we’d welcome an opportunity 
to tell you more about Procon. 


PROCON Britain) 


PROCESS CONSTRUCTION 
112 STRAND, LONDON, W.C. 2 


PROCON (CANADA) LIMITED 
IN CANADA [40 ADVANCE ROAD 
TORONTO 18, ONTARIO 


PROCON INCORPORATED 
IN U.S.A. TITTLE MT. PROSPECT ROAD 
DES PLAINES, ILLINOIS 
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This. view shows the back of the graphic control pane! and of the electronic 
© jnstruments for the UOP Platforming unit at the refinery of Rock Island Refining 


Corporation at Indianapolis, Ind. This Platformer is the first complete 
pnit in the United States to be controlled by electronic equipment. 
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Rock Island Refining Corp. Has 
First Complete Refinery Unit 
Controlled By Electronics 


By L. E. Winkler 
President 
Rock Island Refining Corp., Indianapolis, Ind. 


ROGRESSIVE thinking and action 
are vital to our refining operations. 
Since Rock Island Refining Corpora- 
tion was organized in 1940, we have 
constantly sought 
to maintain our po- 
sition as one of the 
most modern refin- 
eries in the world, 
dedicated to stay- 
ing in the forefront 
of the petroleum 
refining industry as 
it produces higher 

quality products. 
Rock Island was 
L. E. Winkler the first refinery in 
the world to install 
a graphic control panel, a device which 
since has revolutionized the control of 
refinery processes. It was also one of 
the first refineries anywhere to build a 
UOP “stacked” Fluid Catalytic Crack- 

ing unit. 

Now Rock Island has scored another 
“first”—a complete refinery unit which 
is instrumented by electronics. 

The new type of instruments are 
controlling our 2,400 barrel-per-stream 
day UOP Platforming unit, which went 
on stream recently to produce motor 
fuel blending component. Although 
the Platformer has been running only 
a short time, the electronics equipment 
already has paid dividends through a 
smoother startup and easier handling. 

Our decision to install electronic 
controls was based on economic fac- 
tors as well as our desire to keep ahead 
of the industry in modern refining tech- 
niques. We took a long-range look at 
the potentials of this new type of 
equipment and ascertained that: 

(1) It would increase the reliabil- 
ity of the Platformer’s operation in 
cold weather by eliminating the pos- 
sibility of freezing up of instrument 
transmission lines. 

(2) It would do away with racks 
for the pneumatic tubing from the 
graphic panel to the battery area, thus 
reducing initial installation costs and 
problems connected with startup and 
maintenance operations. 

(3) It would result in better con- 
trol because of the increased sensitivity 
of electrical impulses. 


Controls Work Perfectly 


The electronic controls worked per- 
fectly from the very beginning. On 


the day selected for the startup of the 
Platformer, oil was put into the unit at 
9:30 a.m., and in less than three hours 
the unit was completely “lined out”— 
operating smoothly at the desired con- 
ditions. In less than two weeks, the 
unit had fully proved itself and had 
come to be considered a part of our 
routine refinery operations. Universal 
Oil Products Company designed, engi- 
neered and licensed the Platformer. 
UOP’s instrument department engi- 
neered the installation of the electronic 
controls. 

In our instrumentation, transmitters 
located in the battery area of the Plat- 
former measure temperatures, pres- 
sures and flow and convert them to 
electrical signals. These go to recorders 
located on the graphic panel and to 
controllers, also located on the panel. 

The controller compares the signals 
with a signal from the set point mecha- 
nism on the recorder that has been set 
previously by an operator. The con- 
troller sends out a current signal to the 
control valve, causing it to assume a 
given position. In the event the trans- 
mitter signal does not match the set 
point signal exactly, the controller 
modifies the current signal to the valve, 
located in the battery area. At the 
valve, the current signal is converted to 
a pneumatic pressure corresponding to 
the current signal in order to supply 
the power necessary to position the 
valve. This causes the valve to either 
open slightly or close slightly in order 
to bring the transmitter signal back 
into line with the set point signal. 


Electronic Controls Act Swiftly 


We have found that the electronic 
controls give almost instantaneous re- 
sponse when there are variations in 
temperature, pressure or flow through 
the Platforming unit. In addition, there 
are few moving parts in the equipment, 
thus reducing maintenance and wear. 
There is also complete interchangeabil- 
ity of parts, making it as easy to change 
parts as it is to change a light bulb. 

We at Rock Island are proud to be 
the first refinery in the United States 
to install complete electronic controls 
to operate a major processing unit, 
and we believe sincerely that this in- 
strumentation will go far toward help- 
ing us to consistently make better 
petroleum products from the crude oil 
that we process. 


INDIANA 
REFINERY 
MAINTAINS 
LEADERSHIP 

WITH 

NEW 

UOP PLATFORMER 


designed, engineered and licensed by 


30 ALGONQUIN ROAD, 
DES PLAINES, ILL., U. S. A. 


© Laboratories: RIVERSIDE, ILLINOIS 


Universal Service 


Protects Your /avesiment 


Representative: F. A. TRIM, 
BUSH HOUSE, ALOWYCH, 
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It is if it includes ALL the books listed below. Each one is 
essential to the man who wants to keep abreast of developments 
and trends in the petroleum industry 


® Reviews of Petroleum Technology VOLUME 13 


Surveying developments during 1951, this volume brings the wide field 
of petroleum literature within the covers of one book. Price 50s. 


®@ Oil Shale and Cannel Coal 


“— hundred pages of the latest data on all aspects of oil from shale. 
Price 31s. 6d. 


® Electrical Code 


Covers safety practices in the use of electricity in the field, refinery 
and storage installation. Price 26s. 


ASTM/IP Petroleum Measurement Tables sritisn evition 


Authoritative tables for use in computing oil quantities in territories 
which employ the British system of weights and measures. —— Price 50s. 


® Petroleum Measurement Manual 


A companion Volume to the ‘‘ Tables.” Essential to anyone who has to 
deal with the sampling and measurement of liquid petroleum products. 
Price 25s. 


All the above books can be obtained through a bookseller or direct from 


THE INSTITUTE OF PETROLEUM 
‘PORTLAND PLACE, ‘LONDON, 


: 
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Special Two-hole Reducing Terminal 
with Flanged Side Outlet. 


These four bulletins give full 
technical information on 
euch type of fitting we 

can supply. Please 

write for them, 


The Friction and 
Lubrication of Solids 


by F. P. BOWDEN and D, TABOR 
42s, net 


A corrected reprint of this book, first published in 1950, 
was issued in July 1954. 


“It has been a pleasure to read this book. It is in 
the same tradition as the authors’ original papers— 
clear and systematic in the development of each argu- 
ment, and everything made as simple as possible. . . . 
This being the first full-sized book dealing with bound- 
ary lubrication and related phenomena it will be 
widely welcomed. . . . Overall this book gives consider- 
able satisfaction. It must be a matter of great pride 
to the authors to see the work of the past years in- 
tegrate into such a worthy whole.”’ 

Journal of the Institute of Petroleum 


The book is published in the I/nternational Series of 
Monographs on Physics, of which a complete list will be 
supplied on application to the publishers. 


OXFORD UNIVERSITY PRESS 
Amen House, Warwick Square, London, E.C.4 


FORGED STEEL GATE VALVE 


FORGED STEEL 

Screwed Ends. Sizes ay to 2”. Pressures from 150 to 
i Ibs. per sq. in. 

Flanged Ends. Sizes 1” & 14". Pressures 150, 300 
& bs. per sq. in. 

CAST STEEL 

Flanged Ends. Sizes 2” to 12”. Pressures 150, 300 & 

600 Ibs. per sq. in. 


TRIANGLE VALVE CO. LTD. 


Phone: 82631 (6 lines) Telegrams & Cables: TRIVALVE, WIGAN 


LAMBERHEAD GREEN - WIGAN - ENGLAND 
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in single and multi-stage designs for the 


highest temperatures and pressures. Turbine and electrically driven 


pumps in ring section or barrel casing designs of the highest efficiency. 


FEED HEATERS - DE-AERATORS - REGENERATIVE CONDENSERS 
EVAPORATING & DISTILLING PLANTS HEAT EXCHANGERS 
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The Post-War Expansion 
oi the 
U.K. Petroleum Industry 


Being the full report of the 1953 Summer 
Meeting of The Institute of Petroleum 


220 pages Illustrated 


Price 25s. Od. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1. 
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Chairman 


said . 


IF THE WALLS HAD TONGUES in London’s 
Connaught Rooms and they were in good 
voice and reminiscent mood, what a captivated 
audience we should all become. 


“ Last night,” they would begin; and then one 
would speak of a little dinner party, small in 
numbers but great in wit; while another would 
recall an eve-of-the-Show banquet for a thousand 
leaders of a growing industry. The principal 
guest of a learned society had been a person very 
important indeed. Tall tales were told at the 
dinner of a mountaineering club, and long ones at 
others. For it takes all sorts of dinners to make an 
evening at the Connaught Rooms, and the 
Connaught Rooms alone can make a memorable 
evening for so many. No other city on earth can 
boast anything to equal or even to approach this 
supernacular organisation of twenty sumptuous 
banqueting rooms, grouped under one: roof. 
Many and various indeed are the functions of the 
Connaught Rooms. Banquets take pride of place, 
but no less perfect are the arrangements for cock- 
tail parties, receptions and weddings, for company 
meetings and trade exhibitions. And if you want 
somewhere to sleep in London, though it cannot 
be under our roof, yet this also we can arrange. 


CONNAUGHT ROOMS 


are 


Banqueting Rooms 


TELEPHONE: HOLBORN 7811 


This is the drill— 
at the Connaught Rooms, 
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“* Newallastic’’ bolts and studs have qualities which are absolutely unique. 
They have been tested by every known device, and have been proved to 
be stronger and more resistant to fatigue than bolts or studs made by 


the usual method. 
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size and type 
EXACTLY 


meet your requirements 


With the addition of the new “15-Range,” Baker HINGE-LOK 
Casing Centralizers are now available for all combinations of 
casing sizes and hole sizes. From “slim” holes to large-diameter, 
oversize, irregular holes—or even where cavities are anticipated — 
there is a Baker HINGE-LOK Casing Centralizer to start without 
“snubbing” and to provide a positive, uniform annular cementing 
space around the casing. « Any Baker representative or office 

is ready to help you get “first-time” cementing results with Baker 
HINGE-LOK Casing Centralizers. To end right, 

start right—call BAKER. 


semtpeontcee BAKER OIL TOOLS, INC. 


«+» for easy starting in “slim” 
holes, without “snubbing.” HOUSTON ¢ LOS ANGELES © NEW YORK 


20-RANGE 


Used where LESS- 
THAN-NORMAL 
clearance is 
Present between 
the casing ON 
which centralizers 
are run and | 
the casing SUPER- 
THROUGH which } RANGE 
they are run. \ Used 
Ve where GREATER- 
‘ THAN-NORMAL 
Used where clearance is 
NORMAL Present and where 
clearance is extensive hole 
irregularities, or 
even cavities, are 
anticipated. 


anticipated. 


an added li | 
for close 
tolerances. 
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ELECTROMETRIC TITRIMETER FOR 
DETERMINATION OF BROMINE 
NUMBER TO IP. 150/55 


The thirteenth edition of the Institute of Petroleum 
“Standard Methods for Testing Petroleum and its 
Products (1953)” under I.P. 130/53 calls for an electro- 
metric titrimeter for the determination of the bromine 
number of gasoline, kerosine and distillates in the gas- 
oil boiling range. The B.T.L. Electrometric Titrimeter, 
comprising a titration stand and end-point indicator, 
has been designed for this purpose. 

The titration stand consists of a glass titration vessel 
to the specified dimensions, a 50 ml. burette with bent 
delivery jet, a motor driven stirrer with glass paddle, 
and two platinum electrodes. These are all supported 
on a retort stand with two retort rods and the necessary 
clamps and bossheads. 

The end-point indicaior has a circuit of the ‘ dead-stop’ 
type and the equipment is built into a portable metal 
case on the sloping front panel of which are mounted the 
cathode ray indicator tube, potentiometer and rheostat 
for regulating stirrer speed. A mains switch and pilot 
light are also incorporated. On the back of the case are 
plugs and sockets for connection to the mains and to the 
stirrer motor, terminals for connection to the electrodes 
and a fuse. 


The instrument is suitable for use on 100/110v, Full details are provided in Technical 
200/220v, and 230/250, A.C. ONLY. Leaflet No. T50 available on request 
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Look at it this way — 


The enemies of metal— heat and 
corrosion — are never far from the 
metallurgist’s mind. The many ways 
in which Wiggin Nickel alloys help to 
combat these problems are regularly 
described in our periodical. Copies of 
the current and future issues sent free 
of charge, on request, to all those who 
are interested. 


‘CONTENTS OF A 


ICAL ISSUE INCL 


Afterburners in America. 


A Portable Gas Turbine — Rover 60 b.h.p. Gas Turbine. 
Klockner Overload Units. 
Monel Staybolts in New Locomotives. 
Wire Wound Filters. 
Small Gas Turbine Construction, by F. R. Bell, Blackburn & General Aircraft Limited. 
. .. Among the other articles is included a separate Data Sheet on Nimonic 9o for Springs. 


i & Company Limited, Publiestions Department, 
Please send charge, the of Wiggin Nickel 

Name 
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«HENRY WIGGIN & COMPANY LIMITED WIGGIN STREET BIRMINGHAM 16 
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